Introduction
Programmed cell death 4 (Pdcd4) was the first tumor suppressor characterized to inhibit translation to exert its tumor suppressive function (1). Specifically, Pdcd4 was shown to attenuate translation initiation by binding to the RNA-helicase eukaryotic initiation factor 4A (eIF4A) via two MA3-domains that are highly homologous to those in eIF4G (2) (3) (4) . Pdcd4 binding to eIF4A inhibits the activity of the latter and, thus, inhibits translation of messenger RNAs (mRNAs) containing highly structured 5# untranslated regions, which require unwinding for efficient translation (3, 5) . Many proteins involved in the growth or proliferation control, i.e. many proto-oncogenes, are encoded by such 'weak' mRNAs (6) . While the identification of translational Pdcd4 targets is an ongoing endeavor, functional consequences of modulating Pdcd4 levels have been studied extensively in vitro and in vivo. Pdcd4 was shown to inhibit transformation, migration, anchorage-independent growth, intravasation and invasion in vitro (7) (8) (9) (10) (11) . Furthermore, overexpression of Pdcd4 in keratinocytes was shown to reduce tumor multiplicity in the two-stage skin carcinogenesis model in vivo (12) . Interestingly, in this inflammatory tumor model, Pdcd4 protein was lost in all papillomas that developed irrespectively of the genetic background. Importantly, Pdcd4 knockdown sensitized mice to tumor development in the aforementioned inflammatory tumor model and also facilitated spontaneous formation of lymphomas (13, 14) . The loss of Pdcd4 in the two-stage skin carcinogenesis model was attributed to 12-O-tetradecanoylphorbol 13-acetate (TPA)-induced reduction of Pdcd4 protein half-life (14) . p70 S6K1 -and/or Akt-dependent phosphorylation of Pdcd4 in response to mitogenic stimuli was shown to facilitate binding of the E3-ubiquitin ligase b-TrCP1 and subsequent proteasomal degradation of Pdcd4 (14, 15) . Recent work further established Pdcd4 as a target of microRNA-21 (miR-21). In line, miR-21 was shown to repress translation of Pdcd4 in various tumor models and Pdcd4 repression appeared to be functionally important for the pro-oncogenic effects of miR-21 (8, (16) (17) (18) (19) (20) .
Analysis of human tumor tissues further revealed that Pdcd4 protein expression is low in most tumor types (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . In colorectal cancer, an inverse correlation between Pdcd4 and active Akt was shown and loss of Pdcd4 expression was proposed as an independent prognostic marker for tumor-associated survival in colon carcinogenesis (31) . Similarly, Akar et al. (32) recently demonstrated that loss of Pdcd4 protein in breast cancer cells can be overcome by inactivation of p70 S6K , which results in the suppression of lung metastasis development. Based on these observations, current approaches aim at identifying compounds stabilizing Pdcd4 to inhibit tumorigenic mechanisms (33) .
Here, we present data characterizing the mechanism of Pdcd4 regulation under inflammatory tumorigenic conditions. We provide evidence that activated U937 monocyte-derived macrophages reduce Pdcd4 protein expression in cocultured MCF7 cells. This was exclusively attributable to phosphorylation-dependent reduction of Pdcd4 protein half-life. Consequently, we propose that Pdcd4 degradation is rapidly induced to limit Pdcd4 expression under inflammatory, tumorassociated conditions, therefore constituting a promising target for therapeutic interventions.
Material and methods

Materials
All chemicals were purchased from Sigma-Aldrich (Schnelldorf, Germany), if not indicated otherwise. Peptide-purified anti-Pdcd4 antibody was described earlier (34) . Anti-actin came from Sigma-Aldrich, anti-Pdcd4 (phospho S67) from Abcam (Cambridge, UK) and IRDyes 680LT and 800CW secondary antibodies from Li-COR Biosciences GmbH (Bad Homburg, Germany). LY294002 and rapamycin were purchased from Cell Signaling Technology (Frankfurt, Germany), PD98059 and SB203580 from Calbiochem (Darmstadt, Germany).
Cell culture
All cell lines came from LGC Standards GmbH (Wesel, Germany). RKO and MCF7 cells were maintained in Dulbecco's modified Eagle's medium, T47D and U937 cells in RPMI medium and DU145 cells in modified Eagle's medium. All media were supplemented with 10% fetal bovine serum, 100 U/ml penicillin, 100 lg/ml streptomycin and 2 mM L-glutamine. Additionally, DU145 media contained 1 mM sodium pyruvat and 1Â modified Eagle's medium non-essential amino acids. Cells were kept at 37°C in a humidified atmosphere with 5% CO 2 . Medium and supplements were purchased from PAA (Linz, Austria). Fetal bovine serum came from Biochrom (Berlin, Germany).
Macrophage differentiation and conditioned medium U937 monocytes (1 Â 10 (differentiated U937) were trypsinized, pelleted and washed with phosphatebuffered saline. For control purposes, undifferentiated U937 monocytes (3 Â 10 6 /25 ml) were incubated with dimethyl sulfoxide (0.1%) for 48 h, pelleted by centrifugation and washed with phosphate-buffered saline. Subsequently, control and differentiated U937 were treated equally. For the generation of conditioned medium (CM), U937 cells were reseeded at a concentration of 2 Â 10 6 /5 ml. Cells were allowed to condition medium for 24 h unless specified otherwise. For harvesting the CM, supernatant was centrifuged, passed through sterile 0.45 lm filters and stored at À80°C until further use. Conditioned medium from differentiated U937 (CM) was always prepared in parallel to CM from undifferentiated U937 (Ctr). For coculture experiments, control or differentiated U937 cells were added indirectly (in a Boyden chamber) to MCF7 cells at concentrations equivalent to those used for CM generation (undiluted 5 2 Â 10 6 /5 ml). All experiments were carried out in RPMI medium supplemented with 10% fetal bovine serum, 100 U/ml penicillin, 100 lg/ml streptomycin and 2 mM L-glutamine.
Western blotting
For western blot analysis, cells were sonicated and then lysed on ice for 30 min in lysis buffer [50 mM Tris-HCl, 150 mM NaCl, 5 mM ethylenediaminetetraacetic acid, 0.5% NP-40, 1 mM phenylmethylsulfonyl fluoride and protease inhibitor mix (Roche, Mannheim, Germany)]. Fifty micrograms protein were separated on sodium dodecyl sulfate gels and transferred onto nitrocellulose membranes. Proteins were detected using specific antibodies and appropriate secondary antibodies. Then, they were visualized using the Odyssey infrared imaging system (Li-COR Biosciences GmbH, Bad Homburg, Germany).
Protein stability determination
For the evaluation of protein stability, MCF7 cells were pre-incubated with the respective medium (CM versus Ctr) for 4 or 20 h. Then, cycloheximide (CHX) [10 lM] was added to stop translation and protein levels were followed for 1-4 h. To determine the kinetics and half-life, Pdcd4 protein levels were quantified densitometrically, normalized to the respective actin and analyzed relative to levels at the beginning of the CHX treatment. For alternative determination of protein stability, pulse-chase experiments were performed. Briefly, MCF7 cells were incubated in methionine/cysteine-free medium for 30 min. Then, 0.45 mCi EasyTag Express 35 S-Protein Labeling mix (PerkinElmer, Groningen, The Netherlands) was added for 2 h to label newly synthesized proteins (pulse). After washing off the labeling medium, cells were either harvested directly after labeling or incubated in Ctr or CM for 2 h (chase) before harvesting. Cells were lysed in immunoprecipitation-buffer [50 mM Tris-HCl, 150 mM NaCl, 5 mM ethylenediaminetetraacetic acid, 0.5% NP-40, 20% glycerin, 1 mM Na 3 VO 4 , 1 mM phenylmethylsulfonyl fluoride and protease inhibitor mix (Roche)]. Following lysis, Pdcd4 was immunoprecipitated and separated via sodium dodecyl sulfate-polyacrylamide gel electrophoresis. For enhancement of autoradiography detection, gels were fixed in fixing solution (7% acetic acid, 25% methanol), incubated in EN 3 HANCE solution (PerkinElmer), soaked in soaking solution (1% glycerol, 5% PEG8000) and dried on a filter. Autoradiographic detection was performed using an intensifier screen (Fujifilm, Düsseldorf, Germany) and analyzed using the Bio-imaging analyzer system 1500 (Fujifilm). For the determination of the impact of proteasomal degradation, cells were treated with MG132 [10 lM] for the last 8 h of the respective treatment.
mRNA expression analysis
To determine the expression of inflammatory cytokine mRNAs in U937 cells, mRNA was isolated from differentiated U937 or undifferentiated U937 monocytes at the time of CM or Ctr harvest, respectively. Specifically, U937 cells were treated with TPA [10 nM] or dimethyl sulfoxide for 48 h, washed and reseeded at the appropriate concentration for conditioning medium (see above). Twenty-four hours after reseeding, U937 cells were harvested for mRNA isolation. mRNA was isolated using PeqGold RNAPure (peqLab, Erlangen, Germany) according to the manufacturer's manual. RNA was transcribed using the Maxima First Strand cDNA synthesis kit from Fermentas (St. Leon-Rot, Germany) and expression of individual mRNAs was analyzed using real-time PCR with Absolute qPCR SYBR Green Fluorescent mix (Abgene, Surrey, UK). Specific primers were individually designed (ribosomal protein 18S RNA: forward 5#-GTAACCCGTTGAACCCC-ATT-3# and reverse 5#-CCATCCAATCGGTAGTA GCG-3#), alternatively QuantiTect primer assays were used [tumor necrosis factor (TNF) a, interleukin (IL)-6, IL-8] (Qiagen, Hamburg, Germany). Expression was normalized to expression of ribosomal protein 18S.
Quantification of cytokine secretion
To determine the secretion of inflammatory cytokines from undifferentiated or differentiated U937 cells, Ctr and CM were analyzed for TNFa, IL-6 and IL-8 using the BD Cytometric Bead Array (CBA) Human Inflammation Kit according to the manufacturer's manual. Samples were measured using the BD LSRFortessa flow cytometer and analyzed with BD Biosciences FCAP software (BD Biosciences, Heidelberg, Germany).
Animal studies
Mice were housed and cared for and all animal studies were conducted in accordance with National Cancer Institute-Frederick Animal Care and Use Committee guidelines. Seven-to eight-week-old mice (129/C57Bl/6/CD1-mixed background) received 0, 1 or 2% dextran sodium sulfate (DSS) in the drinking water for 7 days followed by 7 days of untreated drinking water. Mice received three cycles of DSS and were killed at the end of the last cycle of DSS treatment. Colons were cut, rinsed and snap frozen in liquid nitrogen. For lysis, colon tissue was thawed in protein lysis buffer, disrupted and homogenized with 1.0 mm glass beads on a Mini-Beadbeater instrument from Biospec. After centrifugation, the clear supernatant was used for western blot analysis (see above).
Statistical analysis
Each experiment was performed at least three times. Representative blots are shown. Data are presented as mean values ± SEMs. Statistical analysis was performed using Student's t-test.
Results
Inflammatory conditions attenuate Pdcd4 protein expression
To determine how an inflammatory environment affects Pdcd4 protein expression in tumor cells, we first aimed at establishing an in vitro model for inflammatory pro-tumorigenic conditions. To this end, human monocytic U937 cells were differentiated to macrophages with TPA for 48 h. To verify that the resulting macrophages generate an inflammatory microenvironment, we analyzed the expression of inflammatory cytokine mRNAs in TPA-differentiated U937 cells. TPAinduced U937 monocyte-derived macrophages showed a significantly elevated mRNA expression of the pro-inflammatory mediators TNFa, IL-6 and IL-8 as compared with dimethyl sulfoxide-treated control cells ( Figure 1A ). Since expression and secretion of many cytokines is regulated post-transcriptionally, we further analyzed protein levels of pro-inflammatory mediators secreted from undifferentiated U937 and from TPA-differentiated U937 cells. Levels of TNFa, IL-6 and IL-8 were significantly higher in CM from differentiated U937 cells as compared with CM from undifferentiated U937 cells (CM and Ctr, respectively) ( Figure 1B) . Furthermore, the environment provided by differentiated U937 elicited pro-tumorigenic effects. Specifically, differentiated U937 and CM induced activator protein-1 activity in MCF7 cells and CM increased invasion of MCF7 cells (supplementary Figure S1 is available at Carcinogenesis Online). Thus, we deemed the conditions generated by TPA-differentiated U937 cells as inflammatory and pro-tumorigenic.
We next assessed the effects of CM on Pdcd4 protein expression in a panel of tumor cell lines representing a variety of tumor entitities (prostate: DU145; colon: RKO; breast: T47D and MCF7). Interestingly, Pdcd4 protein expression was diminished in all tumor cell lines tested after 24 h of CM incubation (Figure 2A ). Downregulation of Pdcd4 occurred irrespective of the initial Pdcd4 status. For further mechanistical analysis of CM-induced loss of Pdcd4 protein expression, MCF7 mammary carcinoma cells were chosen as a model system. To determine the temporal pattern of Pdcd4 protein disappearance, MCF7 cells were incubated with CM for 4-24 h. Pdcd4 protein expression was attenuated already at 4 h of CM treatment and further decreased toward 24 h ( Figure 2B ). In contrast, Ctr did not reduce Pdcd4 protein expression at any time point tested ( Figure 2C) . In an attempt to identify a critical concentration of macrophages needed to secrete Pdcd4-attenuating stimuli, differentiated U937 were indirectly cocultured with MCF7 cells for 8 h at various dilutions. At a concentration of differentiated U937 per milliliter that was equivalent to the concentration of differentiated U937 cells used for the conditioning protocol (1:1), coculture caused the strongest decrease of Pdcd4 protein in MCF7 cells. Downregulation was lower at 1:10 to 1:100 and lost at a dilution of 1:1000 ( Figure 2D) . Similary, dilution of CM or differentiated U937 in a coculture approach led to
a markedly lower activator protein-1 activation as compared with the undiluted form (supplementary Figure S1A is available at Carcinogenesis Online). To exclude a potential TPA carryover from the differentiation procedure into the CM, CM of MCF7 cells was prepared using the same protocol as for U937-CM, i.e. MCF7 cells were incubated for 48 h with TPA, washed, reseeded at the same concentration as U937 cells for conditioning purposes and allowed to condition medium for 24 h. Since the resulting MCF7-CM did not elicit changes on Pdcd4 protein level in MCF7 target cells (data not shown), TPA carryover was ruled out as responsible factor.
Thus, we conclude that macrophage-associated inflammatory conditions reduce Pdcd4 protein expression in tumor cells. 
Inflammation-induced loss of Pdcd4
Inflammatory conditions increase proteasomal degradation to limit the half-life of Pdcd4 protein The next set of experiments was designed to elucidate the molecular mechanisms underlying the loss of Pdcd4 protein under inflammatory conditions. To determine changes in Pdcd4 protein stability, translation was inhibited using CHX [10 lM] in MCF7 cells pre-exposed to CM for 4 h. While in Ctr-treated cells Pdcd4 protein remained stable, CM markedly reduced Pdcd4 protein stability, i.e. Pdcd4 protein amount decreased markedly already 1 h after the addition of CHX in CM-treated cells, whereas Pdcd4 protein levels only slightly decreased starting at 2 h of translational inhibition in Ctr-treated cells ( Figure 3A) . Taken together, the kinetics of the Pdcd4 decrease after addition of CHX translated into half-lives of 5.09 ± 0.87 h for Ctr and 2.18 ± 0.34 h for CM ( Figure 3B ). To exclude potential indirect effects of CHX, we next determined Pdcd4 protein stability using pulse-chase experiments. As shown in Figure 3C , pulse-labeled Pdcd4 protein levels were markedly reduced after 2 h of CM as compared with 2 h Ctr (57.7 versus 84.3% of the starting level, respectively). As Pdcd4 destabilization was previously associated with increased proteasomal degradation (14), we next assessed the involvement of the proteasome. CM-induced loss of Pdcd4 protein at 8 h was completely prevented by the proteasome inhibitor MG132 ( Figure 3D) . Similarly, the specific proteasome inhibitor lactacystin rescued Pdcd4 from degradation. To determine, if proteasomal degradation was still effective at extended CM incubations, MG132 was added to cells pre-incubated with CM for 16 h and incubations continued for 8 h. Similarly, blocking proteasomal degradation for 8 h in the presence of CM after 16 h CM pretreatment allowed for an almost complete recovery of Pdcd4 protein levels ( Figure 3D ).
Based on these observations, we propose that enhanced proteasomal degradation predominantly accounts for Pdcd4 regulation under macrophage-associated inflammatory conditions.
Phosphatidylinositol-3-kinase-mammalian target of rapamycin signaling is required for inflammation-induced Pdcd4 protein loss p70 S6K1 -dependent phosphorylation was shown previously to be critical for proteasomal degradation of Pdcd4 (14, 15) . Therefore, we addressed the signaling pathways involved in Pdcd4 degradation under inflammatory conditions. Figure 4A and B show that inhibition of phosphatidylinositol-3-kinase (PI3K) (by LY294002) or mammalian target of rapamycin (mTOR) (by rapamycin) completely prevented the loss of Pdcd4 at 8 and 24 h. Inhibitors of mitogen-activated protein kinase/extracellular signal regulated kinase-(PD98059) or p38-mitogen-activated protein kinase signaling (SB203580) appeared largely ineffective in rescuing Pdcd4 protein from CM-induced downregulation. Interestingly, inhibition of PI3K or mTOR for 8 h after 16 h pre-incubation with CM, almost completely restored the Pdcd4 protein level to control ( Figure 4C ). To verify that the increase in Pdcd4 protein in response to inhibitors of PI3K-mTOR signaling was indeed a result of increased protein stability, we next determined the impact of mTOR inhibition on Pdcd4 protein stability. As expected, rapamycin co-treatment with CM for 4 h ( Figure 4D , right side) markedly increased Pdcd4 protein levels as compared with CM only ( Figure 4D , left side). Pdcd4 protein rapidly decreased when translation was blocked in CM-only treated cells, whereas Pdcd4 protein levels remained high in CM/rapamycin co-treated cells ( Figure 4D ). Cells pre-incubated with CM for 16 h before rapamycin addition for another 4 h followed by a subsequent block of the translation by CHX, displayed a very similar development of Pdcd4 protein levels ( Figure 4E ). That is, Pdcd4 protein was stabilized in the presence of mTOR inhibitor irrespective of the duration of the CM exposure. To further connect phosphorylation and proteasomal degradation of Pdcd4, we next determined phosphorylation of Pdcd4 at the p70 S6K -phosphorylation site. MCF7 cells treated for 8 h with CM displayed increased phospho-Pdcd4 to total Pdcd4 ratios as compared with Ctr-treated cells ( Figure 4F ). Phosphorylation of Pdcd4 was attenuated by rapamycin co-treatment, yet, further increased when proteasomal degradation was blocked by lactacystin. Further proof for the efficacy of PI3K and mTOR inhibitors to inhibit p70 S6K activity came from the observation that phosphorylation of ribosomal protein S6 was completely inhibited after co-treatment of CM with either LY294002 or rapamycin for 8 or 24 h (supplementary Figure S2 is available at Carcinogenesis Online).
To determine if inflammatory conditions also affect Pdcd4 protein expression in vivo, we employed DSS, which is known to induce inflammation of the colon. Initial experiments indicate that after three cycles of DSS (1 or 2%), Pdcd4 protein levels were attenuated in whole colon homogenates at 2% DSS as compared with untreated controls, whereas 1% DSS-receiving mice showed unaltered Pdcd4 expression ( Figure 5 ). Interestingly, only at 2% DSS signs of inflammation, i.e. mild rectal bleeding, was observed. Even though these data are preliminary, they can be taken as an indicator that the concept of Pdcd4 degradation under inflammatory conditions might hold true in vivo as well. 
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Taken together, our data indicate that PI3K-mTOR-dependent destabilization of Pdcd4 protein is the key event limiting Pdcd4 protein levels in response to short term as well as extended exposure to inflammatory microenvironmental conditions.
Discussion
Inflammatory conditions are increasingly acknowledged to contribute to tumor formation. Inflammation was even introduced as a seventh hallmark of cancer development (35, 36) . In this study, we demonstrate that Pdcd4 protein expression is strongly attenuated in tumor cells when they are exposed to macrophage-associated inflammatory conditions. The inflammation-induced loss of Pdcd4 protein was due to increased proteasomal degradation, which critically required activation of PI3K-mTOR signaling. Initial results from a colitis model indicate that loss of Pdcd4 might occur under inflammatory conditions in vivo as well.
Inflammatory conditions have been causally connected to many prevalent tumor types (37, 38) . Importantly, although inflammation initially has been associated primarily with the emergence of neoplastic lesions, the interaction between tumor cells and the inflammatory microenvironment also appears to be critical for the progression of tumors (39,40). Macrophages constitute a significant proportion of the immune cell infiltrate and contribute to tumor progression (41, 42) . The importance of macrophages is underlined by clinical studies correlating high macrophage contents in tumors with poor prognosis (43) . The tumor suppressor Pdcd4 was shown previously to be lost in various tumor types and loss of Pdcd4 was associated with increased tumorigenic potential and tumor progression (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) . Lack of Pdcd4 protein was even put forward as a prognostic marker for colon cancer-associated survival (31) . To determine the connection between macrophage-dependent inflammatory conditions and Pdcd4 protein amount in tumor cells, we used an in vitro model based on activated U937 monocyte-derived macrophages, which display increased expression and secretion of pro-inflammatory cytokines such as TNFa, IL-6 and IL-8 [ Figure 1 and (44)]. The fact that CM attenuated Pdcd4 protein expression in a panel of tumor cell lines, representing a selection of prominent tumor sites (colon, prostate and breast) is indicative for a general mode of action (Figure 2A) . The observation that coculture with differentiated U937 and CM elicited comparable effects on Pdcd4 expression and activator protein-1 transactivation further indicates that secreted factor(s) are involved and that the mechanism is unidirectional in nature (Figure 2 ; supplementary Figure S1 is available at Carcinogenesis Online). Further studies are required to identify those factors in the CM that contribute to the downregulation of Pdcd4. Identification of such factors may allow to specifically target the Pdcd4-regulating components in the tumor micro-environment.
Mechanistically, we identify PI3K-mTOR-dependent proteasomal degradation as key pathway for Pdcd4 downregulation in our macrophage-associated model (Figure 4) . Similarly, Sheedy et al. (45) recently demonstrated that Pdcd4 is lost in macrophages in response to inflammatory stimuli such as lipopolysaccharide. They determined proteasomal degradation of Pdcd4 as responsible for the loss of Pdcd4 up to 6 h only. Extended incubations were associated with . Pdcd4 protein is lost in response to DSS-induced colitis. Colitis was induced by exposing mice to DSS via the drinking water for 7 days followed by 7 days of DSS-free water. After the third cycle, mice were killed, whole colon homogenates were subjected to western blot analysis and probed with the indicated antibodies.
Inflammation-induced loss of Pdcd4 miR-21-dependent repression of Pdcd4, in contrast. Our data corroborate their short-term effects only. The observation that Pdcd4 protein can be recovered by inhibition of proteasomal degradation or PI3K-mTOR signaling even after extended CM incubations, where Pdcd4 protein was almost undetectable ( Figures 3C and 4) , is indicative for ongoing degradation as the prime mechanism in our model. Furthermore, our previous findings that Pdcd4 mRNA levels are significantly reduced in response to CM (44) have to be extended in that the loss of Pdcd4 mRNA appears not to be sufficient to repress Pdcd4 protein levels under inflammatory conditions. This is further corroborated by the fact that while Pdcd4 protein regulation was sensitive to PI3K-mTOR inhibition (Figure 4 ), Pdcd4 mRNA regulation was not (44) . While Pdcd4 transcription and translation appear to play a lesser role under these conditions, it cannot be ruled out that under chronic inflammatory conditions Pdcd4 mRNA regulation or translational repression by miR-21 may contribute to the repression of Pdcd4 expression.
Provided that inflammation-induced reduction of Pdcd4 protein in vivo can be substantiated by larger experimental cohorts and other inflammatory conditions, loss of Pdcd4 might serve as an indicator of inflammatory microenvironments. Interestingly, Pdcd4 degradation might even occur at early stages where no tumorigenic lesions are detectable. In line, reduction of Pdcd4 was previously established as an early prognostic marker for colon cancer-associated survival (31) . Taking the tumor suppressive function of Pdcd4 into account, it will be interesting to see if Pdcd4 might not only serve as an early biomarker, but whether its stabilization could be exploited for therapeutic intervention. We have shown previously that a loss of Pdcd4 occurred in all papillomas that developed in the inflammation-associated twostage skin carcinogenesis model, even if Pdcd4 was transgenically overexpressed (12, 14) . The fact that a complete loss of Pdcd4 also occurred in tumors developing in transgenically Pdcd4 overexpressing mice is a further proof that mechanisms targeting the protein directly are critical for the regulation rather than transcriptional or mechanisms requiring the untranslated regions of the mRNA such as miR-dependent effects. Importantly, loss of Pdcd4 not only serves as a potent marker for tumorigenesis but also appears critical to facilitate tumor development. This notion is corroborated by the fact that, while Pdcd4 levels in the papillomas were strongly attenuated, inherent Pdcd4 protein expression of the skin determined the susceptibility of the mice to this inflammatory tumor model.
In conclusion, we propose that downregulation of Pdcd4 under inflammatory conditions establishes Pdcd4 protein stabilization as a promising target for the development of novel tumor therapeutics. Importantly, while stabilization of Pdcd4 can be predicted to occur in various currently used therapeutic approaches (e.g. mTOR or proteasome inhibitors), it will be important to further elucidate the functional relevance of Pdcd4 stabilization under such settings and, eventually, it might be beneficial to develop specific Pdcd4-targeted therapeutic approaches. 
